Over the past few decades in most Western countries, the probability that a man who was recently diagnosed with prostate cancer will die of this disease has decreased substantially. Although the incidence of prostate cancer has increased greatly in these countries, prostate cancer mortality has not (1, 2) . Most, if not all, of the increased incidence of prostate cancer can be ascribed to widespread prostate-specific antigen (PSA) screening, which has resulted in a higher proportion of men diagnosed with localized disease and overdiagnosis of nonlethal cancer (3, 4) . A 2009 study of men older than 65 years in the US Surveillance, Epidemiology, and End Results (SEER) program reported that men with conservatively managed, localized, and well-to-moderately differentiated prostate cancer had a 8%-9% risk of dying from prostate cancer within 10 years of diagnosis (5) . According to the SEER database (6) , 81% of men diagnosed with prostate cancer in 2001-2007 had localized disease. Thus, most newly diagnosed men will ultimately die from a cause other than their prostate cancer, and the risk of dying from another cause may be modifiable by lifestyle intervention. However, the temporal trends in specific causes of death among prostate cancer patients are not well described. Such information could guide preventive measures that target the overall health of prostate cancer patients.
Many patients with low-risk prostate cancer undergo curative treatment with little or no survival benefit. Treatment for localized prostate cancer also carries considerable reductions in quality of life (7) (8) (9) . Given the older age at diagnosis of most patients with localized prostate cancer, these men are at substantial risk of dying from a constellation of chronic conditions. As such, lifestyle interventions directed toward reducing the risk of competing causes of death may improve the overall survival of these patients considerably (10) .
We used data from population-based databases to perform detailed analyses of the distribution of causes of death among men diagnosed with prostate cancer in Sweden and the United States, two countries with some of the highest incidence rates in the world (83.8 and 95.5 per 100 000 persons, respectively, in 2008) (11) . To better assess temporal trends, we analyzed the distribution of specific causes of death by follow-up time, year of diagnosis, and age at diagnosis.
Methods

Study Populations
We analyzed data from population-based cancer registries for men diagnosed with prostate cancer in Sweden between 1961 and 2008 (N = 212 090) and in the United States between 1973 and 2008 (N = 500 788). The Swedish Cancer Registry represents near-complete coverage of all cancers diagnosed in Sweden since 1958 because reporting is required by law for clinicians. Dates and causes of death were ascertained through linkage with the Swedish Cause of Death Register using the unique national registration number that is assigned to each Swedish resident. Analyses were restricted to men who were diagnosed with prostate cancer [International Classification of Diseases (ICD) revision 7 (12) code 177] between January 1, 1961, and December 31, 2008, because cause-of-death data were not available beyond these dates; 99% of prostate cancers are morphologically verified (13) .
The US SEER program of the National Cancer Institute has collected data on cancer incidence and mortality from specific registries throughout the United States since 1973. For this analysis, we included all prostate cancer cases [ICD for Oncology, third edition (14) (15) .
We excluded men for whom the recorded date of prostate cancer diagnosis was at or after their date of death and men with a missing age at diagnosis or who were younger than 30 years or older than 95 years at prostate cancer diagnosis. After applying these criteria, 210 112 Swedish men with prostate cancer (99% of those in the Swedish registry) and 490 341 US men with prostate cancer (98% of those in the SEER database) were included in the analyses.
Outcome Ascertainment
In the Swedish register, cause of death was coded according to ICD revisions 7-10 (12,16-18) . Codes for specific causes of death were harmonized by a study clinician (GE). Only the primary causes of death were considered. In SEER, cause of death was classified by ICD revision 8 (16) for men who died before 1979, ICD revision 9 (17) for men who died from 1979 through 1998, and by ICD revision 10 (18) for men who died thereafter. We focused on seven causes of death that together accounted for more than 80% of the reported deaths: prostate cancer, other cancers, ischemic heart disease, cerebrovascular disease, diabetes mellitus (types I and II), chronic obstructive pulmonary disease (COPD), external causes (including trauma and suicide), and also included a category for all other causes of death with a specified ICD revision number and code (including infectious diseases and liver disease). The specific ICD codes included for each endpoint are shown in Supplementary  Tables 1 and 2 (available online) .
Statistical Analysis
Follow-up time was calculated from date of prostate cancer diagnosis to the recorded date of death, loss to follow-up, or the end of follow-up (December 31, 2008), whichever occurred first (15) . Because PSA screening began earlier in the United States than in Sweden, for the purpose of this study we defined the beginning 1973-1980, 1981-1990, 1991-2000, or 2001-2008) , and follow-up time (<5, 5-10, or >10 years).
The cumulative incidence of death was assessed by using the CumIncid SAS macro (version 9.2; SAS Institute, Cary, NC). To ensure equal follow-up in both populations, models of 5-year cumulative incidence were restricted to prostate cancers diagnosed before 2004, and analyses of 10-year cumulative incidence were restricted to prostate cancers diagnosed before 1999. Cumulative incidence estimates were also calculated separately for men aged 60-64 years and 75-79 years as representative of younger and older men diagnosed with prostate cancer, because the overall mean age at diagnosis in the combined populations was 70.4 years. To evaluate more recent trends, in a secondary analysis we explored the cumulative incidence of death among men aged 60-64 years and aged 75-79 years who were diagnosed with prostate cancer after January 1, 2000. In all analyses, we used the methods of Kalbfleisch and Prentice (20) to account for competing risks of death.
To graphically assess changes in the distribution of causes of death over time, we fit binomial regression models with a log link function to estimate the relative distribution of the cumulative incidence of death from four broader groups of causes: prostate cancer, ischemic heart disease or cerebrovascular disease, non-prostate cancers, and other causes (including diabetes mellitus, external causes, COPD, and all other causes not previously included) (21) . These models assessed the probability of having died from each of these four causes within 5 or 10 years after a prostate cancer diagnosis. Separate models were fitted for each cause of death for the United States and Sweden for men aged 60-64 and 75-79 years. The models included year of diagnosis as a restricted cubic spline with seven knots for a flexible representation of calendar effects. The predicted probabilities of death due to each of the four causes for each calendar year were extracted from the models and plotted to graphically represent the risks of the different causes of death. The binomial regression models did not account for competing causes of death. All statistical analyses were conducted using SAS statistical software (version 9.2). This study was approved by the regional ethics committee in Stockholm, Sweden.
Results
Overall Findings
The distribution of causes of death for both Swedish and US men by age at and year of prostate cancer diagnosis is reported in Table 1 . Of the 210 112 Swedish men included in the analysis, 105 423 (50%) were diagnosed during the PSA era (ie, after January 1, 1994), and median follow-up time for all men was 3.8 years (range = 0-48 years). A total of 143 189 Swedish men (68%) died during follow-up. Prostate cancer was the most common cause of death; more than one-third of men diagnosed with prostate cancer (35%, n = 73 829) died from this disease. Prostate cancer accounted for 52% of all reported deaths, whereas ischemic heart disease accounted for 17% of all reported deaths and nonprostate cancers for 6% (Table 2) . Of the 490 341 US men included in the analysis, 327 957 (67%) were diagnosed with prostate cancer during the PSA era (ie, after January 1, 1991). During a median 5.6 years of follow-up (range = 0-36 years), 259 021 men (53%) had died. Prostate cancer was the single most common cause of death (n = 78 064) and accounted for 30% of all reported deaths; however, this percentage corresponds to only 16% of all men diagnosed with prostate cancer who died from this disease. Ischemic heart disease was the second most common cause of death and accounted for 24% of all reported deaths, whereas 15% of all deaths were due to nonprostate cancers (Table 2) .
Among Swedish men with at least 5 years of potential follow-up after prostate cancer diagnosis (n = 81 914), 39% of men diagnosed in the pre-PSA era died from prostate cancer (n = 16 946) compared with 14% of men diagnosed in the PSA era (n = 5541). Among US men with at least 5 years of potential follow-up after prostate cancer diagnosis (n = 265 368), 23% of men diagnosed in the pre-PSA era died of prostate cancer compared with 6% of men diagnosed in the PSA era (data not shown).
Temporal Trends
In Sweden, the 5-year cumulative incidence of death from prostate cancer was 25% among men younger than 65 years at prostate cancer diagnosis and 36% among men aged 80 years or older at prostate cancer diagnosis. In this oldest age group, the cumulative incidence of death from ischemic heart disease was 14%. During the first 10 years after prostate cancer diagnosis, a greater percentage of men aged 80 years or older at diagnosis died from causes other than prostate cancer compared with men younger than 65 years at diagnosis (55% vs 28% of deaths, respectively).
In the United States, the 5-year cumulative incidence of death from prostate cancer was considerably lower than in Sweden: 9% among men younger than 65 years at prostate cancer diagnosis and 19% among men aged 80 years or older at diagnosis. Among the oldest men, the cumulative incidence of death from ischemic heart disease-17%-was similar to the cumulative incidence of death from prostate cancer.
Among Swedish men with at least 5 years of potential follow-up time, the 5-year cumulative incidence of death from prostate cancer declined from 41% among those diagnosed in the 1960s to 25% among those diagnosed in the 1990s (data not shown). The 5-year cumulative incidence of death from ischemic heart disease remained constant at approximately 10% for men diagnosed with prostate cancer until the 1980s, after which it declined to 7% among men diagnosed in the 1990s. The 5-year cumulative incidence of death from cerebrovascular disease also stayed constant at just over 3% among men diagnosed in the 1960s and 2% among men diagnosed in the 1990s. The 5-year cumulative incidences of death from chronic obstructive pulmonary disease, external causes, and diabetes (as a primary cause) each remained fairly constant among men diagnosed over the decades from 1961 to 1999 at approximately 1%. Similarly, the 5-year cumulative incidence of death from non-prostate cancers stayed fairly constant at 2% among men diagnosed with prostate cancer in the 1960s and near 3% among those diagnosed in the 1990s. However, the actual proportion of deaths attributable to non-prostate cancers increased from 4% (n = 831) among men diagnosed in the 1960s to 9% among men diagnosed between 2000 and 2008 (n = 1597).
Among all Swedish men diagnosed with prostate cancer, the 10-year cumulative incidence of death from prostate cancer was 43%, and the 5-year cumulative incidence was 29%. By comparison, the 10-year cumulative incidence of death from ischemic heart disease was 13.2%, and the 5-year cumulative incidence was 8.2% (data not shown). When we stratified the analyses by time at risk between prostate cancer diagnosis and death, the percentage of men who died from prostate cancer decreased with longer follow-up (Table 2) , whereas the percentage of men who died from either ischemic heart disease or all other causes increased.
In the United States, the 5-year cumulative incidence of death from prostate cancer declined from approximately 24% among men diagnosed with prostate cancer in the 1970s to 8% among those diagnosed in the 1990s, whereas death from ischemic heart disease declined only slightly from 12% for men diagnosed with prostate cancer in the 1970s to 10% for those diagnosed in the 1980s and to 6% among men diagnosed in the 1990s. The 5-year cumulative incidence of death from cerebrovascular disease declined gradually over time from nearly 3% among men diagnosed in the 1970s to 1% among those diagnosed in the 1990s. As we observed with the Swedish population, the 5-year cumulative incidence of death from external causes (0.5%), COPD (1%), and diabetes (0.4%) remained fairly constant among men diagnosed with prostate cancer from the 1970s through the 1990s, as did the cumulative incidence of death from non-prostate cancers (5% among men diagnosed in the 1970s and 4% among men diagnosed in the 1990s). However, non-prostate cancers accounted for an increasing proportion of deaths over time, increasing from 11% among men diagnosed in the 1970s (n = 4086) to 17% among men diagnosed in the 1990s (n = 18 282) and 20% among men diagnosed between 2000 and 2008 (n = 5858).
The 10-year cumulative incidence of death from prostate cancer among all US men diagnosed with prostate cancer was 20%, and the 5-year cumulative incidence was 11%. By contrast, the 10-year cumulative incidence of death from ischemic heart disease was 14%, and the 5-year cumulative incidence was 7%. As we observed with the Swedish population, the percentage of US men who died from prostate cancer decreased with increasing time since diagnosis, whereas the percentage of men who died from ischemic heart disease, cerebrovascular disease, COPD, and diabetes increased ( Table 2) .
The cumulative incidence of causes of death among men diagnosed in the most recent decade (2000-2008) followed the trends of earlier decades, with lower cumulative incidence of death from prostate cancer compared to earlier decades in both populations. However, the cumulative incidence of death from prostate cancer remained higher in Sweden than in the United States during this time (Supplementary Figure 1, available online) . The cumulative incidence of death from prostate cancer among Swedish men aged 60-64 years at prostate cancer diagnosis was more than twice that of US men aged 60-64 years at diagnosis (13.0% vs 4.8%). Among men aged 75-79 years at prostate cancer diagnosis, the cumulative incidence of death from prostate cancer for Swedish men was three times that of US men (30% vs 9.8%). Among men diagnosed with prostate cancer between 2000 and 2008, the cumulative incidence of death from ischemic heart disease in Sweden and the United States was similar among younger (3.2% in the United States, 1.9% in Sweden) and older (10.6% in the United States, 8.9% in Sweden) men (Supplementary Figure 1) . The cumulative incidence of death from all causes other than prostate cancer and ischemic heart disease among men diagnosed between 2000 and 2008 was similar to that of men diagnosed during earlier decades, with higher rates from each cause among older men compared with younger men (Supplementary Figure 1, available online) .
The 5-and 10-year cause-specific risks of death were plotted by year of diagnosis for Swedish ( Figure 1 ) and US ( Figure 2 ) men aged 60-64 and 75-79 years at diagnosis. In both populations, the risk of death from prostate cancer declined with more recent calendar year of diagnosis, notably among men aged 60-64 years at diagnosis. Among the older men at diagnosis, the decrease in the risk of death from prostate cancer over calendar time was greater in the United States than in Sweden. In the United States, the overall risk of death in both age groups and for both the 5-and 10-year risk calculations was mostly due to causes other than prostate cancer, especially among men diagnosed in recent years. The division between deaths from prostate cancer and deaths from all other causes was less clear in the Swedish data, where prostate cancer remained a considerable cause of death even among men diagnosed in the most recent years. The proportions of deaths from ischemic heart disease and cerebrovascular disease decreased over time in both age groups, while the risks of death from non-prostate cancers and all other causes remained stable or increased slightly.
Discussion
Our analysis revealed important trends in causes of death among men with prostate cancer. In Sweden and the United States, men diagnosed with prostate cancer were more likely to die from another cause, although the division between the likelihood of dying from prostate cancer and the likelihood of dying from all other causes was less distinct in Sweden. We also found that the distribution of causes of death varied by age at and calendar year of diagnosis and the length of follow-up. In both countries, the cumulative incidence of death from prostate cancer was highest among men who were diagnosed during earlier calendar periods, among older men, and during the first 5 years after prostate cancer diagnosis.
Any analysis of trends in disease-specific mortality among prostate cancer patients in the era of PSA screening is influenced by lead time and length biases. Lead time is defined as the amount of time a prostate cancer diagnosis was advanced due to PSA screening. Bias may arise if PSA screening results in an earlier diagnosis but does not impact the disease outcome, thus making PSA screen-detected cases of prostate cancer appear to have artificially prolonged Figure 1 . The distribution of cause-specific cumulative incidence of death among Swedish men with prostate cancer by age and year of diagnosis, 1961-2008. *Risk of cause-specific death, does not account for competing risks. Cancer other than prostate cancer; Other causes, including diabetes mellitus, external causes (including trauma and suicide), chronic obstructive pulmonary disease, and all other specified causes.
survival. In this study, we sought to incorporate the lead time following prostate cancer diagnosis by examining the distribution and trends in all causes of death among prostate cancer patients, the majority of whom died from causes other than prostate cancer. By examining the cumulative incidence of death from various causes at fixed follow-up times (5 and 10 years), and by stratifying the analyses by the pre-vs post-PSA era, we aimed to account for the impact of lead time from PSA screening, which has been estimated at between 5 and 12 years, depending on the study population and definition used (22) (23) (24) . However, it is unlikely that we have completely eliminated the considerable influence of lead time from our results. Length bias may also have influenced our analysis of prostate cancer-specific death because prostate cancers detected through screening tend to be slower-growing and less aggressive compared with tumors detected by symptoms, and thus fewer men with screen-detected prostate cancer die from this disease.
We found that the risk of dying from newly diagnosed prostate cancer has declined in both the Swedish and US populations over the time period included in this analysis (Sweden: 1961 (Sweden: -2008 United States: 1973 . The magnitude of the decrease in disease-specific mortality, particularly during recent years, may be due in part to lead time and overdiagnosis of nonlethal disease as a result of PSA screening. However, the actual proportion of men who died of prostate cancer remains considerably higher in Sweden than in the United States, possibly reflecting the earlier and more aggressive use of PSA screening and curative treatment in the United States (25) (26) (27) (28) . The discrepancy in screening and treatment practices between countries is also reflected in the relatively older age at diagnosis and shorter median follow-up times for the Swedish men. Ischemic heart disease was the second most common cause of death in both cohorts; however, a greater proportion of US men than Swedish men died from ischemic heart disease (24% vs 17% of reported deaths).
This study has several limitations. First, we had no information on other risk factors for early death, such as smoking history, obesity, diet, or comorbidities. These factors may also differ by age group or between countries and may influence the risk of death from various causes in these groups. Second, we limited the analyses to the primary cause of death and ignored contributing causes, which may or may not have included prostate cancer. Misclassification of cause of death may have resulted in an underestimation of deaths from causes other than prostate cancer, as patients may have been incorrectly recorded as having died from their prostate cancer (attribution bias) (29) . The magnitude of attribution bias may differ between the study populations and may have contributed to the observed differences. Third, we restricted our analysis to diabetes as a primary cause of death, and thus diabetic patients who died from other causes directly resulting from their diabetes may have been misclassified, thus underestimating the number of deaths from diabetes. However, we observed similar trends in the cumulative incidence of several causes of death between the study populations, thus supporting this comparison of Swedish and US registry data. Analysis by stage or grade of prostate cancer at diagnosis was outside the scope of this project.
The strengths of this study include the use of reliable population-level data collected over decades spanning the introduction of PSA screening in two countries with high incidence rates of prostate cancer. In addition, the large sample sizes and lengthy follow-up allowed us to describe subtle variations in the distribution of causes of death. The Swedish Cause of Death Register is a highly valid source of mortality data for prostate cancer patients when compared with medical records, especially for younger men and those with localized disease (30) . Finally, our analysis of time trends in specific causes of death among men with prostate cancer, which to our knowledge has not previously been investigated in detail, has potentially important clinical implications in the management of men with prostate cancer.
This analysis describes the emerging landscape of prostate cancer and argues for changes in the management of newly diagnosed patients. This argument would be valid regardless of the reasons for the change in the landscape, including the presence of lead time and length biases. Our data clearly demonstrate that men with newly diagnosed prostate cancer run a greater risk of dying from a cause other than prostate cancer itself. The global health of prostate cancer patients may thus be improved over the long term by encouraging modification of lifestyle factors, such as smoking, physical activity, diet, and obesity, which are strongly related to most common causes of death among patients. For example, lifestyle interventions that target multiple risk factors in populations at high risk for diabetes have shown sustained lifestyle changes and reductions in incident disease with up to 20 years of follow-up (31) (32) (33) (34) . In addition, risks of all-cause (35) and cancer (36) mortality were elevated across age groups in men and women with the highest body mass index in US cohort studies, suggesting that an intervention targeting obesity in prostate cancer patients might improve survival for all men. An estimated 4.2%-14.2% of all cancer deaths among men have been attributed to overweight and obesity (36) . It is also known that smoking cessation increases overall survival; for example, the British Doctors Study found that cigarette smokers died an average of 10 years younger than lifelong nonsmokers (37) .
Compared with the benefits of lifestyle intervention, the benefits from curative prostate cancer treatment on disease-specific and overall survival are less clear. The Scandinavian Prostate Cancer Group Study Number 4 randomized trial of radical prostatectomy vs watchful waiting in men with localized prostate cancer found a 6.1% lower cumulative incidence of death from prostate cancer in the surgery group compared with the watchful waiting group after 15 years of follow-up (38) . This trial currently represents the best estimate for the effects of radical treatment vs watchful waiting on mortality for men with localized prostate cancer; however, prostate cancers in the trial were largely detected by symptoms and may not be representative of those detected by screening (39) . Initial unpublished results (Dr Timothy Wilt, unpublished observations) from the randomized Prostate Cancer Intervention Versus Observation Trial (PIVOT) of US men with largely PSA-detected, clinically localized disease suggest that radical prostatectomy treatment did not reduce disease-specific or overall mortality compared with watchful waiting in the study population, and especially among men with low PSA levels and low-risk disease, although men with high-risk disease may have some benefit (40) . The survival benefit from prostatectomy, notwithstanding its detrimental impact on quality of life, is comparably less than the benefits of adhering to a healthy lifestyle pattern to reduce the risks of competing causes of death. Given that our data show competing causes eventually kill more patients than prostate cancer, investing in lifestyle modification may increase both the duration and quality of life beyond that achieved with aggressive prostate cancer treatment alone.
This analysis revealed salient cause-of-death trends, which should affect the clinical management of men who receive a prostate cancer diagnosis. The overall risk of death from causes other than prostate cancer is greater than the overall risk of death from prostate cancer in two countries with high incidence rates. Since the beginning of follow-up in both study populations, the cumulative incidence of prostate cancer-specific death has declined. Although these trends are presumably driven by screening rates, a man diagnosed with prostate cancer today clearly has a higher risk of dying from another cause than from prostate cancer. Our data suggest that a prostate cancer diagnosis may represent a teachable moment when physicians should not only counsel patients on prostate cancer treatment but also on modifying lifestyle factors that will reduce their risk of other chronic conditions. Managing prostate cancer patients with a lifestyle approach could increase the duration and quality of life among men living with prostate cancer, arguably more than aggressive treatment, by addressing increasingly dominant, yet preventable, causes of death. 
